Introduction Hospital readmissions of older persons are common and often associated with complex health problems. The objectives were to analyze risk factors for readmission within 30 days from hospital discharge. Methods A prospective study with a multifactorial approach based on the population-based longitudinal Swedish Adoption/ Twin Study of Aging (SATSA) was conducted. During 9 years of follow-up, information on hospitalizations, readmissions and associated diagnoses were obtained from national registers. Logistic regression models controlling for age and sex were conducted to analyze risk factors for readmissions. Results Of the 772 participants, [mean age 69.7 (± 11.1), 84 (63%)] were hospitalized and among these 208 (43%) had one or several readmissions within 30 days during the follow-up period. Most of the readmissions (57%) occurred within the first week; mean days from hospital discharge to readmission was 7.9 (± 6.2). The most common causes of admission and readmission were cardiovascular diseases and tumors. Only 8% of the readmissions were regarded as avoidable admissions. In a multivariate logistic regression, falling within the last 12 months (OR 0.57, p = 0.039) and being a male (OR 1.84, p = 0.006) increased the risk of readmission. Conclusions Most older persons that are readmitted return to hospital within the first week after discharge. Experiencing a fall was a particular risk factor of readmission. Preventive actions should preferably take place already at the hospital to reduce the numbers of readmission. Still, it should be remembered that most readmissions were considered to be necessary.
Introduction
Older persons often require hospitalizations. In many countries the length of stays in hospitals has decreased during the past decades, consequently many patients are poorer at discharge, and readmissions are common [1, 2] . About 30% of the readmissions are believed to be preventable [3] . Hence, identifying which patients that are at risk for readmission is important, as hospitalizations are associated with an increased risk of iatrogenic disorders, confusion and falls that may involve unnecessary suffering [4] .
Many studies have described risk factors of readmission as well as risk prediction tools [5] . However, many risk prediction models have poor predictive ability, mostly since readmission risk prediction is complex. Potential risk factors for readmissions seen in earlier research are higher age, numbers of drugs, length of hospital stay, and functional impairment [6] [7] [8] [9] , but also social factors such as living alone and dissatisfaction with primary care physicians [10] . In addition, older persons seem to have a greater trust in hospital care as compared to primary care and home health care [11, 12] , affecting the propensity to seek hospital care. As one third of the readmissions are made without prior medical consultation [13] , research about readmissions needs to be viewed from non-medical angles. In this study, we used a population-based prospective study to analyze a wide variety of risk factors of readmissions. The objectives were to analyze risk factors for readmission within 30 days from hospital discharge.
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Methods
Study population and data sources
We used data from the population-based longitudinal study Swedish Adoption/Twin Study of Ageing (SATSA). The participants in SATSA were drawn from the Swedish Twin Registries (STR) and included same-sex twin pairs reared together and same-sex twin pairs reared apart. The selection criteria have been described in detail previously [14] . In brief, SATSA started in 1984 when the first Questionnaire (Q1) was sent out with the aim to study etiology of individual differences in ageing. SATSA included questions related to self-rated health, loneliness, depression, personality, medications, social networks and housing situation. The fifth questionnaire (Q5) wave in SATSA, which was sent out in 2003, included participants in ordinary housing (N = 772) and provides the baseline in this study. The study sample was created by linking data from SATSA to the registry data from The Swedish National Inpatient Register (NPR). The participants were prospectively followed from the baseline survey in 2003 to their first hospitalization after baseline and to their next hospitalization within 30 days, or to the end of the follow-up in the study (31 Dec 2012) . In Sweden, hospital care is mainly tax-funded that ensures everyone equal access to health care services. All hospitalization events in this study was defined as a hospital admission due to any cause that included an overnight stay as recorded in the NPR. The main diagnosis of the admissions was registered according to the World Health Organization's ICD-10 (International Classification of Diseases). Diagnoses were categorized into groups in accordance with the sections of the ICD-10.
Outcome
The primary outcome in this study was hospital readmission, defined as any hospital readmission within 30 days of discharge of an admission from any cause in the same participant. We excluded readmissions that could involve transfer to another acute care facility before discharge.
Risk factors
Risk factors for readmissions within 30 days were identified from the literature [5] . Demographic factors included i.e., age, sex, marital status, level of education [dichotomized as upper secondary or university education (1) and compulsory or vocational education (0)], objective and subjective socioeconomic status (SES), as well as childhood SES (high score implies higher SES).
In addition, we included social support and personality, factors that have not previously been widely studied in association with readmissions. Locus of control included three subscales: sense of personal control or lack of control over the direction of one's own life (Life Direction), beliefs about how responsible people are for misfortunes in their lives (Responsibility), and beliefs concerning the role of luck in determining people's outcomes (Luck) [15] . Personality traits included neuroticism and extraversion from the EPI [16] , EAS temperaments: activity, emotionality, sociability and fear [17] , impulsivity [18] , modified openness to experience [19] , Type-A behavior hard driving [20] and paranoid hostility and cynicism [21] as well as optimism and pessimism scales as modified by Plomin et al. [22] . Whether the participants were troubled by feelings of loneliness or not was dichotomized as always/often (1) versus never/seldom (0).
Health factors included both objective and subjective health. Objective health was indexed as the number of up to 13 organ systems affected by disease. Subjective health included life satisfaction [23] , and a self-rated health composite scale (general health now, health now vs. 3 years ago, own health compared with that of others, activities limited by health). Mental health was included using the Center for Epidemiologic Studies Depression Scale (CES-D) [24] . We included the participants' smoking status (Nonsmoker, Exsmoker or Current smoker), and level of physical activity was dichotomized as active (daily or once/a couple of times weekly) (1) or inactive (less than weekly) (0). Functional status was included as Activities of Daily Living (ADL) with a maximum score of 10 indicating impairment in all ADLs, and a score of 0 indicating a completely independent individual. We also included self-reported incidence of falls in the past year dichotomized as whether the participant had fallen and landed on the floor (1) versus not (0).
Social support was measured with social support scales; friends support, relatives support and perceived support [25] . Whether a participant regularly (at least once a week) received help or was looked after by an immediate family member, relatives, social worker or health staff was dichotomized as (1), or not (0).
Statistical analyses
The χ 2 test or t test was used for comparison between groups of individuals who had both been hospitalized, one group experienced a readmission (within 30 days) and the other group did not. For descriptive purposes, numbers of Ambulatory Care Sensitive Conditions (ACSC) among the readmissions, numbers of readmissions during the participation in the study and length of stay in hospital, were also described.
The relationship between readmission, that is, the participants' first hospital readmission within 30 days of discharge of an admission from any cause, and potential risk factors were analyzed using a bivariate logistic regression model, controlling for age at hospitalization and sex. Risk factors considered as significant (p < 0.05) from the bivariate logistic regression model, were entered simultaneously in a multivariable model, controlling for age and sex. To allow for easier comparisons, continuous variables were standardized using z transformation which have a mean of 0 and a standard deviation of 1. All data were analyzed using StataIC 12.0 and/or SPSS Statistics 21.
Results
Among the 772 participants, (mean age 69.7 (± 11.1) 59.8% female), 484 (63%) were hospitalized during the study period and among those, 208 (43%) had one or several readmissions within 30 days, for a total of 553 readmissions. The vast majority was readmitted within the first week ( Fig. 1) . Baseline characteristics and differences between the participants that were readmitted and the participants experiencing an occasional hospitalization are provided in Table 1 . The mean age in the readmitted group was 72.6 (± 10.6), and 70.0 (± 10.5) years in the occasional hospitalization group. The mean number of days from hospitalization to readmission was 7.92 (± 6.2, range 1-30). The mean length of stay for hospitalizations that later ended up in a readmission was 8.3, and the mean length of stay during the readmissions was 10.6 days.
The most common causes for the hospitalizations that ended up in readmissions, as well as the occasional hospitalizations, were cardiovascular diseases and tumors (Table 2) . Among the 553 readmissions, 44 (8.0%) were regarded as ACSC. Higher age, lower life direction and luck, higher responsibility (beliefs about how responsible people are for misfortunes in their lives), cynicism and pessimism, lower objective SES, receiving more help and more often troubled by feelings of loneliness, greater number of illnesses, lower self-rated health and life satisfaction and experiencing more falls were more common among the readmitted participants ( Table 1) .
The bivariate logistic regression revealed that higher age, male sex, responsibility, feelings of loneliness, number of illnesses, self-rated health, life-satisfaction, falling in the last 12 months were significantly associated with an increased risk of readmission (Table 3) .
Factors significantly associated with readmission risk from the bivariate model were entered simultaneously in a multivariate logistic regression model. The results revealed that male sex and falling within the last 12 months increased the risk of readmission. When stratifying the multivariable model on sex, we found that increased numbers of diseases increased the readmission risk for women, but not for men. For women we also noticed a tendency (p = 0.059) for lower life satisfaction to be related to increased readmission risk (Table 4) .
Discussion
In this study, we included a wide range of variables to explore risk factors of readmission. We found that both physical and subjective health issues were related to readmission risk in the bivariate logistic model. In the multivariate model when all risk factors were controlled for, falling within the last 12 months and male sex were significantly associated with increased readmission risk. We found that the majority of readmissions occurred within the first week after discharge, supporting previous studies [26, 27] . Hospitalization and bedrest itself may lead to decline in ADL and loss of independence [28] . It is possible that clinical preventive actions, and especially for persons with a history of falls, should be most effective if targeting the first week after discharge and/or preparing the patients with proper care planning already at the hospital. Reasons for readmissions may vary, but may include a lack of information at discharge from hospital [29] , possibly since it has been shown that older patients seldom participate in medical decision making regarding discharge planning [30] .
As for many other health outcomes in late life, history of falls was an in important risk factor of being readmitted to the hospital. Even though falls might have multifactorial causes, fall prevention for older persons in general and for older persons that have been hospitalized is important since fall complications may lead to injuries and deaths. Recent studies have shown that more than a third of older adults with a fall-related emergency department (ED) diagnosis, had an ED revisit or died within 1 year [31, 32] . Swedish home care, home health care and hospitals are working preventively and use quality registers to detect risk of falls and plan for preventive actions, nevertheless, falls are common among older adults [33] . The findings in this study highlight the importance of fall prevention and need of extra support and care after discharge.
Although previous studies have shown that personality and social factors were related to readmission risk, [34] the current analyses did not support that conclusion. It is possible that the pathways to readmission differ as for example the health care staff has more information about the patient at the second admission. Another possibility is that care in lower levels was not satisfactory and that the older persons instead decided to transfer to a hospital [12] . On the other hand, only 8% of the readmissions were regarded as avoidable admissions (ACSC) according to the definition [35] ; 92% required treatment at the hospital. Hence, a possible interpretation is that these patients might have been discharged too early from the hospital. Length of stay may be an important marker of readmission risk as it has been shown that longer stay in hospital is associated with a decreased risk of readmission [26] . This result is supported by our findings, where those with readmissions had a shorter stay than those that were not readmitted, although length of stay was not a Based on scales significantly associated with readmission risk when other factors were controlled for. It is possible that the readmission risk between diagnoses varies [27, 36] . In this study, the most common primary diagnoses were cardiovascular diseases, both among the readmissions and the occasional hospitalizations. Chopra and colleagues [36] found that persons with hospitalization due to cardiovascular diseases, diabetes and mental health conditions were more likely to have readmission within 30 days, compared to other conditions. Further, we found male sex to be associated with readmission risk in the multivariate model, in line with a previous study [37] showing that men had increased readmission risk when treated for pneumonia. In contrary, they also [37] found that women had an increased readmission risk of overall admission causes. In this study, more illnesses were associated with increased readmission risk for women, but not for men. Studies taking gender differences into account are warranted.
There was no difference in ADL between readmitted and occasional hospitalization participants affecting the readmission risk, contrary to what other studies have found [7, 38] . The difference could be explained by disparities in measurements of functional status [38] , or by different selections of participants [7] . It could also be explained by the fact that ADLs, as with all the risk factors, were measured at baseline, and thus the analyses did not take into account important events that may have occurred during followup. On the other hand, 42% of hospitalizations occurred within 1 year of baseline, and 87% occurred within 4 years. Although this study included several potential risk factors of readmission, we did not have information on cognitive impairment nor information on nutritional status. Another limitation in this study is that it was not possible to control for proximity to hospital, which might have had an impact on the propensity to seek hospital care and on readmissions. This study also had several strengths, including the prospective follow-up design, the population-based sample and the fact that SATSA includes persons from across Sweden with a variety of medical conditions.
Conclusion
Falling within the last 12 months was associated with readmission risk in a population based prospective follow-up study. Most of the readmissions occurred within the first week. These results suggest that the first week after discharge as well as fall prevention among older persons regarding readmission risk are important. Clinical practice needs to focus on coordinated care post hospitalization to reduce readmission risk. Table 4 Multivariate logistic regression of readmission risk, controlled for age and sex 
